MOTOR/ GENERATOR 



FIELD OF THE INVENTION 

This invention relates to a composite motor /generator driving two rotors 
with a single stator. 

BACKGROUND OF THE INVENTION 

Tokkai Hei 11-275826 published by the Japanese Patent Office in 1999 
discloses a motor /generator which drives a plurality of rotors by applying a 
composite polyphase current to a set of stator coils. The invention of Tokkai 
Hei 11-275826 was filed to United States Patent Office as Patent Application 
No. 09/275,785 filed on 25 March 1999 before the priority date of this invention 
and was granted as USPat. 6,049,152 after the priority date of this invention. 

In this motor /generator, the composite polyphase alternating current 
comprising phases with a fixed phase difference is supplied from an inverter to 
coils of each phase in the stator. This prior art discloses a motor /generator 
with a ratio of magnetic poles for the two rotors of 1:, 2:1 or 3:1. 

SUMMARY OF THE INVENTION 

When the ratio of magnetic poles in the magnets of the two rotors is 1:1, 
it is possible to rotate a first rotor directly with the rotation of a second rotor 
by utilizing a magnetic coupling effect without applying a current to the stator 



coils. 

Conversely this also means that when the second rotor is rotated, the 
first rotor may undergo unintended rotation. 

A hybrid vehicle couples the drive force of an engine and a motor to 
charge a battery and drive the vehicle. 

In the hybrid vehicle using the above type of motor /generator, when one 
of the rotors is rotated by the engine for charging the battery in a state when 
the vehicle is not moving, the other rotor and a propeller shaft of the vehicle 
coupled therewith may also be rotated. This operation may therefore result in 
an unintentional movement of the vehicle. When on the other hand, the 
rotor connected to the propeller shaft is driven for the vehicle start, the other 
motor connected to the engine is also rotated irrespective of the state of 
charge of the battery. This operation may result in an unnecessary engine 
operation. 

Further, when the two rotors of which the ratio of magnetic poles of the 
magnets is 1:1 are driven as motors by supplying a composite polyphase 
current to the stator coils, it is difficult to control the rotation of the two 
rotors independently. 

It is therefore an object of this invention to generate magnetic coupling 
while preventing unintended rotation of the rotor. 

It is a further object of this invention to enable independent rotation 
control two rotors of which the ratio of magnetic poles of the magnets is 1:1 
by supplying a composite polyphase alternating current to a single set of 
stator coils. 

In order to achieve the above objects, this invention provides a 




motor /generator comprising a first rotor provided with a plurality of magnetic 
poles by a magnet, a second rotor provided with a plurality of magnetic poles 
by a magnet and a plurality of rotor coils, and a stator provided with a 
plurality of stator coils applying a rotational force on the first rotor and the 
second rotor when a composite polyphase alternating current is supplied to 
the stator coils. 

This invention also provides a motor /generator comprising a first rotor 
provided with a plurality of magnetic poles by a magnet, a second rotor 
provided the same number of magnetic poles as the first rotor by a magnet, a 

CD 

*,3 stator provided with a plurality of stator coils applying a rotational force on 

"h 

^} the first rotor and the second rotor when a composite polyphase alternating 
current is supplied to the stator coils, and a device which limits the rotation 

il 

a of the second rotor in a specified direction. 

M The details as well as other features and advantages of this invention are 

set forth in the remainder of the specification and are shown in the accompanying 

i J 

drawings. 



BRIEF DESCRIPTION OF THE DRAWING 



FIG. 1 is a schematic cross-sectional view of a motor /generator according 
to this invention. 

FIGs. 2A and 2B are schematic cross -sectional views of the motor /generator 
describing specific rotation positions. 

FIG. 3 is a schematic diagram of a vehicle drive device using the 
motor / generator . 
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FIGs. 4A and 4B are circuit diagrams of a current supply circuit to a 
plurality of rotor coils according to this invention. 

FIGs. 5A-5D are schematic cross-sectional views of the motor /generator 
showing variations of the disposition of the rotor coils and magnets of the 
outer rotor. 

FIG. 6 is a schematic cross-sectional view of the motor /generator showing 
a variation in the excitation state of the rotor coils. 

FIGs. 7A-7D are schematic cross-sectional views of the motor /generator 
showing further variations of the disposition of the rotor coils and the magnets 
of the outer rotor. 

FIGs. 8A-8F are schematic cross -sectional views of the motor /generator 
showing yet further variations of the disposition of the rotor coils and the 
magnets of the outer rotor. 

FIGs. 9A-9D are schematic cross-sectional views of the motor /generator 
showing yet further variations of the disposition of the rotor coils and the 
magnets of the outer rotor. 

FIGs. 10A-10D are schematic cross-sectional views of the motor /generator 
showing yet further variations of the disposition of the rotor coils and the 
magnets of the outer rotor. 

FIGs. 11A-11D are schematic cross-sectional views of the motor /generator 
showing yet further variations of the disposition of the rotor coils and the 
magnets of the outer rotor. 

FIGs. 12A-12E are schematic cross-sectional views of the motor /generator 
showing yet further variations of the disposition of the rotor coils and the 
magnets of the outer rotor. 



FIG. 13 is a schematic cross-sectional view of a motor /generator according 
to a second embodiment of this invention. 

FIGs. 14A and 14B are schematic diagrams of vehicle drive devices using 
the motor /generator according to the second embodiment of this invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to FIG. 1 of the drawings, a motor /generator according to this 
invention is provided with a stator 22 and two rotors 21 and 23 which are 
coaxially disposed. The stator 22 is cylindrical in cross section and is provided 
with twelve stator coils 1-6 disposed at equal angular intervals. An inner 
rotor 23 is disposed inside the stator 22 and an outer rotor 21 is disposed 
outside the outer side of the stator 22. The inner rotor 23 comprises a magnet 
having a pair of magnetic poles, i.e., an N pole and an S pole. The outer rotor 
21 is provided with a magnet having a pair of the magnetic poles and four 
rotor coils A, B, C and D. 

Both a coil number and a reference numeral in the figure are provided in 
order to describe the flow of current in these coils. Underlined numbers and 
reference numerals designate current flow in a direction opposite to that in 
coils designated by numbers or reference numerals which are not underlined. 
Thus a single coil is expressed by a pair of numbers comprising an underlined 
number and a non-underlined number. In contrast, in FIGs. 2A and 2B, a 
single coil is designated by a single coil number. Underlined coil numbers 
designate current flow in a direction opposite to that in coils of the same coil 
number which are not underlined. That is to say, an alternating current with 



an opposite phase is supplied to coils comprising the pair. 

Disposing two rotors on the inner side and the outer side of a single 
stator and supplying a composite polyphase alternating current to the stator 
coils is disclosed in United States Patent Application No. 09/275,785 (USPat. 
6,049,152) which is herein incorporated by reference. 

The composite polyphase alternating current is supplied from the control 
circuit shown in FIG. 3 and FIG. 4 of United States Patent Application No. 
09/275,785 to the twelve stator coils 1-6. 

In this motor /generator, the ratio of pairs of magnetic poles of the outer 
rotor 21 and the inner rotor 23 when the rotor coils A, B, C, D are not excited 
is 1:1. A drive force which is applied to the half the periphery of the outer 
rotor 2 1 and a drive force f 2 which is applied to half the periphery of the inner 
rotor 23 is expressed by the following equations (1) and (2) corresponding to 
Equations (8) and (9) in United States Patent Application No. 09/275,785. In 
the following description, the magnet of the outer rotor 21 is termed the outer 
magnet and the magnet of the inner rotor 23 is termed the inner magnet. 

f, = -lm 1 ■\^lm 2 sin{{(o 2 -(o 1 )t-a}-^^nlc s/n^j (1) 
f 2 = ii ■ \mj\lm,- s/n{(ft), - co 2 ) ■ t - a] - ^ • n ■ Ic ■ s/n{(© ; - a> 2 ) ■ t - a - 0}j (2) 

Where, Bm 1t Bm 2 = magnetic flux amplitudes, 
= magnetic permeability, 
lm 1 = equivalent direct current of outer magnets, 
lm 2 = equivalent direct current of inner magnets, 
Ic = amplitude of alternating currents supplied to stator coils, 



co 1 = rotational angular velocity of outer magnet, 

co 2 = rotational angular velocity of inner magnet, 

a = phase difference of outer and inner magnets (when t = 0), 

j8 = phase difference of stator coils, 

t = elapsed time from time when phase of outer magnets and 

stator coil coincided, and 
n = coil constant. 



The drive force f, and f e when a current Ic is supplied to the stator coils 
will now be discussed. 

The drive forces f 2 created by the current Ic ■ sin p which is applied to 
the outer rotor 21 and the inner rotor 23 are varied depending on a phase 
difference a of the outer magnet and the inner magnet. The description below 
is divided into the case when a is equal to zero and when a is equal to n. 

Referring now to FIG. 2A, when a is equal to zero, similar poles in the 
outer rotor 21 and the inner rotor 23 are aligned. That is to say, N pole faces 
N pole and S pole faces S pole. Referring to FIG. 2B, when a is equal to n, 
dissimilar poles in the outer rotor 21 and the inner rotor 23 are aligned. That 
is to say, N pole faces S pole and S pole faces N pole. 

In order to simplify the equation, Equations (1) and (2) may be rewritten 
as Equations (3) and (4) providing that <», equals co 2 . 




(3) 



(4) 



When a equals zero, Equations (3) and (4) may be rewritten as Equations 
(5) and (6). 



f 7 = iA>lm r —nlcsin (3 (5) 
f 2 = ji - lm 2 • — • n * Ic • s/n /? (6) 

Thus providing that /*-/m, equal ju lm 2 , f 7 equals 4. Since f, equals 4 
when a equals zero, the outer rotor 21 and the inner rotor 23 are driven in the 
same direction and thus rotate in the same direction. This is termed positive 
rotation mode. 

On the other hand, when a equals n, Equations (3) and (4) may be 
rewritten as Equations (7) and (8). 



f t = H • /nv — nlcsinfi (7) 
f 2 =-ltlm 2 —nlcsin(3 (8) 

Thus providing that ju lm 1 equal ju lm 29 equals f 2 . That is to say, 
forces are exerted on the outer rotor 21 and the inner rotor 23 in opposite 
directions and they rotate in opposite directions, This is termed reverse 
rotation mode 

When the ratio of pairs of magnetic poles is 1:1, both the outer rotor 21 
and the inner rotor 23 rotate when a current Ic is supplied to the stator coil. 
Furthermore the direction of rotation of the rotors 21 and 23 varies due to the 
phase difference a of the two rotors 21 and 23. That is to say, when the ratio 
of pairs of magnetic poles is 1:1, it is not possible to independently control the 



rotation of the outer rotor 21 and the inner rotor 23. 

Next, the situation when a current does not applied to the stator coil, 
i.e., when Ic equals zero will now be described. When Ic equals zero, Equations 
(1) and (2) may be rewritten as Equations (9) and (10). 

/J = -fi • /m r - lm 2 ~ sin[(co 2 -co^ t-a] (9) 
f 2 = /j,lm 2 tm 1 sin{((D 1 -co 2 )t-a] (10) 

Equations (9) and (10) may be rewritten as Equations (11) and (12), if we 
assume that G), equals co 2 . 



=-{i- lm,lm 2 sin(-a) 
f 2 =li lm 2 lm r sin{-a) 



(11) 
(12) 



The relationship ^ equals -f 2 is always satisfied on this basis. This 
relationship may appear to result in the outer rotor 21 and the inner rotor 23 
rotating in opposite directions. However, in the reality, when a phase difference 
a is applied to the outer rotor 21 and the inner rotor 23, a force results which 
tends towards the position at which a equals zero. That is to say, when a 
mechanical force is applied to one rotor from the outside, a correcting drive 
force is generated due to the fact that a deviates from zero. In the same 
manner, a drive force f 2 is applied to the other rotor in an opposite direction. 
Thus when one rotor is mechanically rotated from the outside, the other rotor 
rotates in the same direction. This exemplifies the principle of magnetic 
coupling. That is to say, when, for example, the outer rotor 21 is driven by 



the engine 1 with no current flowing in the stator coils 1-6, the inner rotor 23 
rotates in the same direction. 

Thus when the ratio of magnetic poles is 1:1, the phase difference a of 
the two rotors is zero and a current is not applied to the stator coils, if one 
rotor is driven mechanically from the outside, it is possible to drive the other 
rotor using magnetic coupling at the same speed. That is to say, it is possible 
to directly link the two rotors. 

The application of this motor /generator to a hybrid vehicle will now be 
described. The situation will be described in which electricity generated by a 
first rotor on being driven by the engine is applied as a current to the stator 
coils and drives a second rotor which is linked to a propeller shaft of the 
vehicle. 

For example, when the engine and the vehicle are stopped and a current 
is supplied to the stator coils from the battery to drive the vehicle by the 
rotations of the second rotor, the first rotor which is linked to the engine also 
rotates. Conversely, when the engine is started in order to charge the battery 
while the vehicle is stopped by supplying a current to the stator coils from the 
battery to drive the first rotor, the second rotor rotates at the same time and 
the vehicle may be caused to move. 

That is to say, when the magnetic pole ratio of the two rotors is 1:1, it is 
possible to use the motor /generator via magnetic coupling. On the other 
hand, when an alternating current is supplied to the stator coils, it becomes 
difficult to drive the two rotors independently. 

Referring again to FIG. 1, this motor /generator solves the above problem 
by varying the ratio of magnetic poles of the outer rotor 21 and the inner rotor 
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23 by increasing the magnetic pole number of the outer rotor 21 by exciting 
four rotor coils A, B, C, D provided in the outer rotor 21. The outer rotor 21 
and the inner rotor 23 may be a Surface Permanent Magnet (SPM) type or an 
Internal Permanent Magnet (IPM) type. The stator coils 1-6 of the stator 22 
are formed by concentrated winding. 

Referring to FIG. 3, an exciting current is supplied to the rotor coils A, B, 
C, D through collector rings 31, 32 and brushes 33, 34. A rotation shaft 25 of 
the outer rotor 21 is linked to an output shaft of the engine (not shown). A 
rotation shaft 26 of the inner rotor 23 is linked to a propeller shaft 27 of the 
vehicle. 

Referring to FIG. 4A, the rotor coils A-D are connected in series in the 
sequence A, C, B, D. However the rotor coils A and C are wound in the same 
direction and the rotor coils B and D are wound in the opposite direction. 
The exciting current of the rotor coils A-D is a direct current (DC current) and 
is supplied by a DC circuit shown in FIG. 4A or a DC circuit shown in FIG. 
4B. The DC circuit in FIG. 4A comprises four transistors Tl, T2, T3, T4. The 
transistors Tl and T2 are connected in series and their connection points are 
connected to an end of the rotor coil A through the brush 33 and collector 
ring 31 in FIG. 3. The transistors T3 and T4 are connected in series in the 
same manner, and their connection points are connected to an end of the 
rotor coil D through the brush 34 and collector ring 32 in FIG. 3. 

The collectors of the transistors Tl and T3 are respectively connected to 
the battery. The emitters of the transistor T2 and T4 are connected respectively 
to an earth. 

A direct current from the battery flows to the earth from the transistor Tl 
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via the rotor coils A, C, B, D through the transistor T4 as a result of supplying 
an OFF signal to the bases of the transistors T2 and T3 and supplying an ON 
signal to the bases of the transistors Tl and T4. As a result, the rotor coils A, 
C, B, D are excited. The direction of the connections of the rotor coils A-D is 
pre-set so that the excited rotor coils A and C form an N pole and the excited 
rotor coils B and D form an S pole. Thus the semi-circular periphery of the 
outer rotor 21 forms the N pole and the remaining semicircular periphery 
forms the S pole. That is to say, the number of pairs of magnetic poles of the 
outer rotor 21 is one and the magnetic pole ratio of the outer rotor 21 and the 
inner rotor 23 is 1:1. 

On the other hand, a DC current from the battery flows to the earth from 
the transistor T3 via the rotor coils D,B,C,A through the transistor T2 as a 
result of supplying an OFF signal to the bases of the transistors Tl and T4 
and an ON signal to the bases of the transistors T2 and T3. As a result, the 
excited rotor coils A and C form an S pole and the excited rotor coils B and D 
form an N pole. Thus the N poles and the S poles of the outer rotor 21 
alternate at 60-degree intervals. That is to say, the ratio of pairs of magnetic 
poles of the outer rotor 21 becomes three and the ratio of magnetic poles of 
the outer rotor 21 and the inner rotor 23 becomes 3:1. 

In this manner, it is possible to arbitrarily vary the ratio of magnetic 
poles between ratios of 3:1 and 1:1 by varying the direction of the DC current 
supplied to the rotor coils A-D by the circuit shown in FIG. 4A. 

When the motor /generator is used as a motor or as a generator by 
supplying a current to the stator coils 1-6, a DC current is supplied from the 
rotor coils D to the rotor coils A and thus the outer rotor 21 and the inner 

- 12 - 



rotor 23 have a ratio of magnetic poles of 3:1. In this case, it is possible to 
drive the outer rotor 2 1 and the inner rotor 23 in a substantially independent 
manner by supplying a composite polyphase alternating current to the stator 
coils 1-6 as disclosed in United States Patent Application No. 09/275,785 
(USPat. 6, 049, 152). In this case, reverse rotation mode does not result in the 
rotation of the rotors 21 and 23. The rotors 21 and 23 rotate together with 
the rotating magnetic field created by the stator coils 1 -6 in the rotors 2 1 and 
23. 

On the other hand, when the motor /generator is used as a magnetic 
coupling, a DC current is supplied from the rotor coil A to the rotor coil D and 
the ratio of magnetic poles of the outer rotor 21 and the inner rotor 23 is set 
to 1:1. In this case, one rotor rotates in response to the rotation of the other 
rotor. 

It should be noted that when an exciting current is not applied to the 
rotor coils A-D, the number of pairs of magnetic poles of the outer rotor 21 is 
1 . Thus the option is created of not supplying an exciting current to the rotor 
coils A-D when the motor /generator is used for a magnetic coupling. However 
the strength of the magnetic coupling increases with a DC current flowing 
from the rotor coil D to the rotor coil A. Furthermore it is possible to 
arbitrarily set the strength of the magnetic coupling by the voltage of the DC 
current flowing through the rotor coils A-D. 

It is possible to use a simple DC circuit as shown in FIG 4B by altering 
the structure of the DC circuit shown in FIG. 4A. 

Such a circuit connects the collector ring 31 to an earth through a brush 
33. The collector ring 32 is connected to the emitter of the transistor T5 
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through the brush 34. 

The battery is connected to the collector of the transistor T5. The 
connection of the rotor coils A-D is the same as that of the DC circuit shown 
in FIG. 4A. 

When an ON signal is supplied to the base of the transistor T5, a DC 
current flows from the rotor coils D to the rotor coil A. The excited rotor coils 
A and B respectively form an S pole and the excited rotor coils B and D 
respectively form an N pole. As a result, the outer rotor 21 and the inner rotor 
23 have a ratio of magnetic poles of 3: 1 . 

On the other hand, when an OFF signal is supplied to the base of the 
transistor T5, a current is not applied to the rotor coils A-D and the number 
of pairs of magnetic poles of the outer rotor remains at 1 . 

Thus when it is not necessary to vary the strength of the magnetic 
coupling, the DC circuit shown in FIG. 4B, that has a simple structure, may 
be used instead of the DC circuit shown in FIG. 4A. 

The number of coils in the rotor coil provided in the outer rotor 21 is not 
limited to four. When the rotor coil number provided in the outer rotor 21 is 
taken to be 2 n where n is a natural number, the ratio of magnetic poles of the 
outer rotor 21 and the inner rotor 23 is (n+1):1. Thus it is possible to 
arbitrarily set the ratio of magnetic poles by varying the number of rotor coils 
provided in the outer rotor 21. Furthermore it is possible to vary the ratio of 
the magnetic poles in this manner even when the rotor coils varying the 
number of pairs of magnetic poles are provided in the inner rotor 23 instead of 
the outer rotor 2 1 . 

In this manner, it is possible to utilize the advantages of magnetic 
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coupling and to prevent unintended rotation of the outer rotor 21 and the 
outer rotor 23 when a current is supplied to the stator coils 1-6, by varying 
the ratio of magnetic poles of the outer and inner rotors 21 and 23 according 
to operational conditions of the vehicle. 

For example, when starting the vehicle, or starting the engine while the 
vehicle is stopped, the ratio of magnetic poles is set to 3:1. In this manner, 
since it is possible to independently control the outer rotor 21 and the inner 
rotor 23, when the vehicle is started by rotating the inner rotor 23 with 
battery power, the engine does not rotate unexpectedly. Alternatively using 
the outer rotor 21 to start the engine as a starter motor does not result in the 
inner rotor 23 rotating and the vehicle moving. 

When the vehicle is running, the ratio of the magnetic poles is set to 3:1, 
the outer rotor 21 is rotated by the engine output and is driven as a generator. 
The inner rotor 23 is driven by the generated power of the generator. In this 
case, it is possible to adapt the operation of the motor /generator to low 
speed /high torque and high speed /low torque operation by controlling the 
rotation speed or torque of the inner rotor 23 through the control of the 
composite polyphase alternating current. 

It is also possible to control the motor /generator so that output power = 
rotation speed x torque is always constant. 

When the vehicle is running, it is possible to set the ratio of magnetic 
poles to 1:1 so as to use the motor /generator as a magnetic coupling. In this 
situation, for example, if the outer rotor 21 is driven by the engine, it is 
possible to drive the inner rotor 23 at the same speed as the outer rotor 21 
without supplying current to the stator coils 1-6. 
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Further, if current control is performed on the rotor coils A-D of the 
outer rotor 21 according to the size of the transmitted torque by the magnetic 
coupling synchronous operation of the inner rotor 21 and the outer rotor 23 
can be continued even during variations in transmitted torque. When the 
ratio of magnetic poles is switched from 3:1 to 1:1, the voltage applied to the 
rotor coils A-D of the outer rotor 21 inverts. The voltage after the inversion 
may be determined according to the transmitted torque. 

When the rotors 21, 23 are rotated in a state where they are stationary, a 
current is supplied to the stator coils 1-6 so that the ratio of magnetic poles is 
set to 3:1 preceding the current supply to the stator coils 1-6. 

By this operation, the reverse rotation of the rotor 21 or the rotor 23 is 
prevented. When it is desired to drive only one rotor, an unintended movement 
of the other rotor is prevented by the control of the composite polyphase 
alternating current supplied to the stator coils. 1-6. 

The embodiment above described is the case in which the ratio of magnetic 
poles of the outer rotor 21 and the inner rotor 23 is switched between 3:1 and 
1:1 according to exciting or non-exciting of the rotor coils A-D. This invention 
allows for several variations on the disposition and number of rotor magnets, 
the number of rotor coils and the construction of the DC circuit for exciting 
the rotor coils. 

These variations will be described referring to FIGs. 5A-13E. 

FIGs. 5A-5D show a motor /generator with a ratio of magnetic poles in 
the outer rotor 21 and the inner rotor 23 of 1:1 in the same manner as the 
motor /generator in FIG. 1. However the number and disposition of the rotor 
coils and the disposition of the magnet in the outer rotor 21 differs from the 
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motor /generator shown in FIG. 1. As shown in FIG. 5 A, this motor /generator 
divides the entire periphery of the outer rotor 21 into four sections at 90-degree 
intervals. The N pole and S pole of the magnet are disposed on two adjacent 
sections. The rotor coils are disposed on the remaining adjacent sections. In 
the figure, the sections in which magnets are disposed are designated by the 
symbols N or S depending on the magnetic pole. The sections in which rotor 
coils are disposed are designated by the symbol C. The magnetic pole of the 
excited rotor coils are designated by (N) or (S). The symbol (-) designates rotor 
coils which are not excited. 

As shown in FIG. 5B, two pairs of magnetic poles are formed in the outer 
rotor 21 by exciting the rotor coils. Thus the ratio of magnetic poles of the 
outer rotor 21 and the inner rotor 23 becomes 2:1. On the other hand, when 
the rotor coils are not excited, as shown in FIG. 5C, only half of the circular 
periphery which comprises the magnet of the outer rotor 2 1 is magnetized and 
the remaining half of the circular periphery comprising the rotor coil is not 
magnetized. In this case, the ratio of the magnetic poles of the outer rotor 21 
and the inner rotor 23 is 1:1. 

In FIG. 5D, the entire periphery of the outer rotor 21 is magnetized with 
half the periphery comprising the N pole and the other half comprising the S 
pole. This is achieved by supplying an exciting current in an opposite direction 
to that in FIG. 5B to the rotor coils of the outer rotor 21. Thus the ratio of 
magnetic poles of the outer rotor 21 and the inner rotor 23 is also 1:1. 

Since the strength of magnetic coupling increases as the length of the 
magnetized section increases, the situation in FIG. 5C or the situation in 
FIG. 5D may be chosen according to the required strength of the magnetic 
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coupling. When the rotors 21, 23 are driven as a motor or generator, an 
unintended rotation of the rotors 2 1 and 23 is prevented by setting the ratio of 
the magnetic poles to 2:1. 

FIG. 6 shows the magnetic poles formed in the motor /generator shown in 
FIG. 1 when only the rotor coils B and D are excited and the rotor coils A and 
D are not excited. 

Such a situation is realized by varying the configuration of the DC circuit 
to excite the rotor coils A-D. Although the ratio of magnetic poles of the outer 
rotor 21 and the inner rotor 23 in the figure is 1:1, it can be changed to 2:1 by 
reversing the direction of the DC current supplied to the rotor coils. Thus it is 
possible to vary the ratio of the magnetic poles of the outer rotor 21 and the 
inner rotor 23 by this arrangement of the DC current supply. 

FIGs. 7A-7D show a motor /generator in which the ratio of the magnetic 
poles of the outer rotor 21 and the inner rotor 23 is 1:1. Two rotor coils are 
provided in the outer rotor 2 1 . When the rotor coils are excited as shown in 
FIG. 7B, the ratio of the magnetic poles of the outer rotor 21 and the inner 
rotor 23 is 3:1. On the other hand, when an exciting current is supplied in an 
opposite direction to the rotor coils, half of the circular periphery of the outer 
rotor 2 1 becomes the N pole and the other half becomes the S pole as shown 
in FIG. 7D. In this case, the ratio of the magnetic poles of the outer rotor 21 
and the inner rotor 23 is 1: When the rotor coils are not excited, the two N 
poles of the outer rotor 21 sandwich one of the non-excited rotor coils and the 
two S poles sandwich another non-excited rotor coil. The outer rotor 21 also 
has two magnetic poles in this case and the ratio of the magnetic poles of the 
outer rotor 2 1 and the inner rotor 23 is 1:1. 
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In a motor /generator shown in FIGs. 8A-8F, the entire periphery of the 
outer rotor 21 is divided into eight equal sections. The N pole and the S pole 
of the magnet are disposed in two of those sections. The rotor coils are 
disposed in the remaining six sections. In this motor /generator, it is possible 
to set the ratio of the magnetic poles of the outer rotor 2 1 and the inner rotor 
23 to 4:1 as shown in FIG. 8B by exciting the rotor coils. On the other hand, 
when the rotor coils are not excited, the ratio of the magnetic poles of the 
outer rotor 21 and the inner rotor 23 is 1:1 as shown in FIG. 8C. Furthermore 
as shown in FIGs. 8D-8F, it is possible to set the ratio of the magnetic poles 
of the outer rotor 21 and the inner rotor 23 to a ratio of 1:1 under various 
exciting states of the rotor coils. Since the strength of the magnetic coupling 
varies according to the exciting state of the rotor coils, the stator coils may be 
selectively excited according to the required strength of the magnetic coupling. 

In the same manner as the motor /generator shown in FIGs. 8A-8F, FIGs. 
9A-9D show a motor /generator in which the entire periphery of the outer rotor 
21 is divided into eight sections. Two N poles and the S poles of the magnet 
are disposed in four sections with the rotor coils being disposed in the remaining 
four sections. 

As shown in FIG. 9B, four pairs of the magnetic poles are formed in the 
outer rotor 21 by exciting the rotor coils. Thus the ratio of magnetic poles of 
the outer rotor 21 and the inner rotor 23 becomes 4:1. On the other hand, 
when all the rotor coils are not excited, since two adjacent N poles of the 
magnet sandwich one of the non-excited rotor coils and the two adjacent S 
poles of the magnet sandwich one the non-excited rotor coils, the effective 
number of magnetic poles in the outer rotor 21 becomes two and the ratio of 
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magnetic poles in the outer rotor 21 and the inner rotor 23 becomes 1:1 as 
shown in FIG. 9C. Alternatively, as shown in FIG. 9D, half the periphery of 
the outer rotor 21 forms an N pole and the other half forms an S pole. This is 
achieved by supplying an exciting current to the rotor coils in an opposite 
direction to FIG. 9B. In this case also, the ratio of magnetic poles of the outer 
rotor 21 and the inner rotor 23 is 1:1. 

FIGs. 10A-10D show a motor /generator win which the entire periphery of 
the outer rotor 21 is divided into ten equal sections. Two N poles and the S 
poles of the magnet are disposed in four of those sections. The rotor coils are 
disposed in the remaining six sections. One of the rotor coils is provided 
between two sections each corresponding to the N pole of the magnet. One of 
the rotor coils is provided between two sections each corresponding to the S 
pole of the magnet. Furthermore the N pole of the magnet is disposed at a 
position opposite the S pole of the magnet. 

In this motor /generator, the ten sections of the outer rotor 21 form alternate 
N poles and S poles due to the excitation of the rotor coils as shown in FIG. 
10B. As a result, five pairs of the magnetic poles are formed and the ratio of 
the magnetic poles of the outer rotor 21 and the inner rotor 23 is 5:1. On the 
other hand, DC current can be supplied so that a rotor coil sandwiched by the 
two N poles of the magnet becomes N pole and a rotor coil sandwiched by the 
two S poles of the magnet becomes S pole while the other rotor coils remain 
unexcited. Thus as shown in FIG. IOC, the ratio of the magnetic poles of the 
outer rotor 21 and the inner rotor 23 becomes 1:1. When an exciting current 
is supplied to the rotor coils in a direction opposite to that of FIG. 10B, half 
the periphery of the outer rotor 21 forms an N pole and the remaining half 
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forms an S pole as shown in FIG. 10D. Thus the ratio of magnetic poles of 
the outer rotor 21 and the inner rotor 23 is 1:1. 

In a motor /generator shown in FIG. 1 1A-1 ID, the entire periphery of the 
outer rotor 21 is divided into equal ten sections and three N poles and three S 
poles of the magnet are disposed in six of these sections. Rotor coils are 
disposed in the remaining four sections. Each section in which a rotor coil Is 
provided is sandwiched by two N poles or two S poles of the magnet. Furthermore 
the N poles of the magnet is disposed at a position which is opposite to the S 
poles of the magnet 

In this motor /generator, the ten sections of the outer rotor 21 comprise 
alternate N poles and S poles as shown in FiG. 11B due to the excitation of 
the rotor coils. As a result, five pairs of the magnetic poles are formed and the 
ratio of the magnetic poles of the outer rotor 21 and the inner rotor 23 is 5:1. 

On the other hand, when an exciting current is not supplied to the rotor 
coils, the three N poles of the magnet sandwich non-excited rotor coils in half 
of the circular periphery of the outer rotor 21 as shown in FIG. 11C. In the 
remaining half of the circular periphery of the outer rotor 2 1 , the three S poles 
of the magnet sandwich non-excited rotor coils. In this situation, the ratio of 
the magnet poles of the outer rotor 21 and the inner rotor 23 is 1:1. When an 
exciting current is supplied to the rotor coils in a direction opposite to that of 
FIG. 11B, half the periphery of the outer rotor 21 is all N poles and the 
remaining half is all S poles as shown in FIG. 11D. Thus the ratio of 
magnetic poles of the outer rotor 21 and the inner rotor 23 is 1:1. 

In the motor /generator shown in FIG. 12A-12E, the inner rotor 23 is 
divided into four sections of 90 degrees. Magnets are disposed so that each 
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part forms alternate N poles and S poles. The entire periphery of the outer 
rotor 21 is divided into twelve equal sections. Two N poles and two S poles of 
the magnet are disposed in four sections with rotor coils being disposed in the 
remaining eight sections. The two N poles of the magnet are opposed at 180 
degrees and in the same manner the two S poles of the magnet are also 
opposed at 180 degrees. The N poles and the S poles are disposed about the 
two parts in which the rotor coils are disposed. 

In this motor /generator, the twelve parts of the outer rotor 21 comprise 
alternate N poles and S poles as shown in FIG. 12B due to the excitation of 
the rotor coils. As a result, six pairs of magnetic poles are formed on the 
outer rotor 21 and since the inner rotor 23 has two pairs of magnetic poles, 
the ratio of the magnetic poles of the outer rotor 21 and the inner rotor 23 is 
3:1. On the other hand, when an exciting current is not supplied to any of 
the rotor coils, N poles and S poles of the magnet are disposed alternately at 
90 degree intervals on the outer rotor 21 as shown in FIG. 12C. Thus two 
pairs of magnetic poles are formed and the ratio of the magnet poles of the 
outer rotor 21 and the inner rotor 23 is 1:1. 

FIG. 12D shows the distribution of magnetic poles when only one of the 
two rotor coils adjacent to the N pole of the magnet is excited to become an N 
pole and an exciting current is not supplied to the other rotor. In the same 
manner, only one of the two rotor coils adjacent to the S poles of the magnet 
is excited to become an S pole and an exciting current is not supplied to the 
other rotor. In the same manner as FIG. 12C, the outer rotor 21 has two 
pairs of magnetic poles and the ratio of the outer rotor 2 1 and the inner rotor 
23 is 1:1. 
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FIG. 12E shows the distribution of magnetic poles when an exciting 
current is supplied to the rotor coils in an opposite direction to that shown in 
FIG. 12B. In this case, half the periphery of the outer rotor 21 is all N poles 
and the remaining half is all S poles. Thus the ratio of the outer rotor 21 and 
the inner rotor 23 is 1:1. 

As can be understood from the motor /generator shown in FIGs. 12A - 
12D, the magnetic pole number of the inner rotor 23 is not limited to one. 

Providing that the number of magnets in the first rotor is 2L, the number 
of magnets in the second rotor is 2M and the number of the rotor coils is 2N, 
while L, M and N are natural numbers, the numbers 2L, 2N of the magnets in 
the first and second rotors and the number 2N of the coils of the second 
rotors are determined so that the magnetic pole number ratio between the first 
rotor and the second rotor is 1:1. On the other hand, the magnetic pole 
number of the second rotor is M+N when all the rotor coils are energized to 
have a different magnetic pole from that of an adjacent magnet. 

A second embodiment of this invention will be described referring to FIG. 
13 and FIGs. 14A and 14B. 

A motor /generator shown in FIG. 13 is provided with an inner rotor 23 
and a stator 22 that are identical to those shown in FIG. 1. An outer rotor 21 
is provided with a magnet in which one half of a circular periphery is the N 
pole and the remaining half is an S pole. The outer rotor 21 is not provided 
with rotor coils. 

Referring to FIG. 14A, a one-way clutch 28 is provided between the engine 
and a rotation shaft 25 of the outer rotor 21 to prevent rotation of the outer 
rotor 21 in a specific direction. A locking mechanism 29 such as a parking 
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brake or a parking gear is provided in order to prevent rotation of a propeller 
shaft 27 which is connected to a rotation shaft 26 of the inner rotor 23 

A control circuit of the motor /generator is adapted to allow engine start-up 
by operation of the outer rotor 21 only when the lock mechanism 29 is in the 
ON position, that is to say, only when the rotation of the propeller shaft 27 is 
prevented. 

The ratio of the magnetic poles of the outer rotor 21 and the inner rotor 
23 in this motor/generator is 1:1 and thus it is possible to use the 
motor /generator as a magnetic coupling. 

When a fixed alternating current is supplied to the stator coils 1 -6 of the 
stator 22, the outer rotor 21 and the inner rotor 23 rotate. Whether the outer 
rotor 21 and the inner rotor 23 rotate in positive rotation mode or in reverse 
rotation mode depends on the phase difference a of the outer rotor 21 and the 
inner rotor 23 as described above. However, in this motor /generator, when 
the rotation of the outer rotor 21 and the inner rotor 23 stops, they stop at a 
relative position where the N pole and S pole, and the S pole and the N pole 
are opposed as shown in FIG. 13 due to attraction of opposite poles. Thus 
when an alternating current is supplied again to the stator coils 1-6, the 
motor/generator rotates in reverse rotation mode as long as the stationary 
position is not forcibly varied. 

It is possible to rotate only one rotor 21(23) by supplying an alternating 
current to the stator coils 1-6 by the combination of reverse rotation mode 
with the one-way clutch 28 and the lock mechanism 29. 

The direction of the rotation of the rotor 21(23) depends on the direction 
of rotation of the rotating magnetic fields formed by the stator coils 1-6. 
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When the vehicle is started from a position in which both the engine is 
stopped and the vehicle is stationary, the lock mechanism is placed in the 
OFF position, an alternating current is supplied to the stator coils 1-6 and 
the inner rotor 23 is rotated in a positive direction for example. If the direction 
of rotation prevented by the one-way clutch 28 is pre-set so that the rotation 
in a negative direction of the outer rotor 21 is prevented, only the inner rotor 
23 rotates. In contrast, when the engine is started when the vehicle is 
stationary, an alternating current is supplied to the stator coils 1-6 and the 
outer rotor 21 is rotated in the direction of rotation permitted by the one-way 
clutch 28, i.e., in the positive direction. By preventing the rotation of the 
inner rotor 23 by the lock mechanism 29, only the outer rotor 21 rotates. 

In this manner, while the ratio of the magnetic poles of the outer rotor 2 1 
and the inner rotor 23 is maintained at 1:1, it is still possible to cause only 
one of the outer rotor 21 and the inner rotor 23 to rotate while the other rotor 
is prevented from rotating. 

As a variation of this embodiment, it is possible to connect the engine 
and the rotation shaft 26 of the inner rotor 23 by a lockup clutch as shown in 
FIG. 14. The lockup clutch 30 comprises an electromagnetic clutch which 
engages and disengages in response to an outside signal. When the operation 
of the motor /generator is stopped, the lockup clutch 30 is engaged at a phase 
difference a when the outer rotor 21 and the inner rotor 23 are stopped is 
equal to tt. Thus relative rotation of the outer rotor 21 and the inner rotor 23 
can be prevented from occurring during the period when the motor /generator 
is not operated. 

The contents of Tokugan 2000-7431, with a filing date of January 17, 
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2000 in Japan, and Tokugan 2000-383547 with a filing date of December 18, 
2000 in Japan are hereby incorporated by reference. 

Although the invention has been described above by reference to certain 
embodiments of the invention, the invention is not limited to the embodiments 
described above. Modifications and variations of the embodiments described 
above will occur to those skilled in the art, in light of the above teachings. 

For example, this invention has been described as applied to a 
motor/generator with a triple -layered structure of inner rotor, stator and 
outer rotor, it is possible to apply the invention to a motor /generator disposing 



k 3 two rotors coaxially. 



In other words, this invention can be applied to any type of synchronous 
motors provided with two rotors sharing a stator coil, which drives the two 
rotors by passing a composite current through stator coils. 

The embodiments of this invention in which an exclusive property or 
privilege is claimed are defined as follows: 
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